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(57) Abstract 

A characteristic monitor for use in a system with at least one characteristic sensor that produces a signal Indicative of a 
characteristic of a user includes a housing, a test strip receptacle, a sensor receiver and a processor. The test strip 
receptacle Is for receiving and testing a test strip exposed to an analyte to determine the quantity of the analyte. The sensor 
receiver is used to receive sensor data signals produced from the at least one characteristic sensor. The processor is coupled to 
tlie receiver and the test strip receptacle to process the determined quantity of the analyte and the sensor data signal from the 
at least one characteristic sensor. The characteristic monitor may further include a transmitter coupled to the processor for 
transmitting tiie processed signals to another data receiving device. Preferably, the transmitter transmits the processed signals 
by radio frequencies. The characteristic monitor may also include a display to show the determined quantity of the analyte and 
the processed signals from the characteristic sensor. In addition, the characteristic monitor can include a memory to store the 
determined quantity of the analyte from the test strip receptacle and the processed sensor data signals from the at least one 
characteristic sensor. Also, the sensor data signals can be received by the sensor receiver continuously, near continuously, 
and/or intermittentiy. 

(57) Abr6g6 

L'invention coricerne un monlteur de caracteristiques s'utilisant dans un systdme equips d'au moins un capteur de 
caract6ristiques qui produit un signal Indiquant une caract^ristique d'un utiDsateur. Le monrteur comporte un boftier, un 
recipient d bande de test, un r^epteur de capteur et un processeur Le recipient d bande de test sert ^ recevoir et d tester la 
bande de test exposes h un analyte afin de determiner la quantity de I'analyte, Le recepteur de capteur est utilise pour recevoir 
des signaux de donn6es de capteur produits par le(s) capteur(s) de caract6ristiques. Le processeur est couple, au recepteur et au 
recipient ^ bande de test pour tralter la quantity determin^e de J'analyte et le signal de donndes de capteur provenant du/des 
capteur(s) de caracteristiques. Le monlteur de caracteristiques peut comporter en outre un emetteur couple au processeur pour 
transmettre les signaux traites vers un autre disposltif de reception de donnees. De preference, I'emetteur emet les signaux 
traites par radiofrequences. Le moniteur de caracteristiques peut comporter egalement un ecran pour afRcher la quantite 
determinee de I'analyte et les signaux traites provenant du capteur de caracteristiques; Le moniteur de caracteristiques peut 
comporter en outre une memoire pour stocker la quantite determinee de Tanalyte provenant du recipient d bande de test et les 
signaux de donnees de capteur traites provenant du/des capteur(s) de caracteristiques; De plus, les signaux de donn6es de capteur 
peuvent etre regues par le recepteur de capteur en continu, de mani6re quasi continue et/ou Intemiittenta 
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(57) Abstract: A chatacteristic monitor foe use in a system with at least one characteristic sensor ttiat prodnces a signal indicative 
of adiaractedstic of aoser Indudes aboosiag, a test strip leoepcade, a sensor zeceiver and a processor, lie test strip receptacle 
is for receiving aikl testing a lest sti^ exposed to an analyte to determine Ifa^ The sensorieoeiver is used 

to recdve sensor data signaU produced fiom Che at least one cbatacteM Ibe processor is coupled to die receiver and the 

test strip receptacle to process iht determined quantity of the analyte and the sensor data signal firom die at least one charactfiristif 
season Hie characterisdc monitor may fiirther inchide a transmitter coupled to the processor for transmittiag the processed signals 
to another data receiving device. Preferably, the bammitter transmits the processed signals by radio fiequendes. The characteristic 
monitor may also include a display to show die determined quantity of the analyte and the processed signals from the characteristic 
sensor. In addition, the diaracteiistic monitor can include a memory to store die determined quantity of the analyte fiom the test 
strip iecq}tade and the processed sensor data signals fircmi the at least one characteristic sensor 
received by the sensor leodver continuously, near continuously, and/or int amitUai fly. 
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CHARACTERIStlC MONITOR SYSTEM FOR USE WITH ANALYTE SENSOR 

5 FIELD OF THE INVENTTQN 

This invention relates to characteristic nwnitore fo^ 
devices and, in particular embodiments, to characteristic monitors that include a 
characteristic meter to fecijitate testing and monitoring of a patient*s condition 
with cooidiiiatioi] between contimious iheasuiements and discrete measurements 
10 from a test strip* or the like. 

BACKGROUND OF THE INVENTION 

Over the years, bodily characteristics have been determined by obtaining a 
sample of bodily fluid. For example, diabetics often test for blood glucose levels 
15 with a blood glucose meter. Traditiona] blood glucose determinations have 

utilized a painful finger stick using a lancet to withdraw a small blood san^>le that 
is used by the blood glucose meter. This results in discomfort fiom the lancet as 
it contacts nerves in the subcutaneous tissue. To obtain a measure of control or 
Information on a diabetic's condition, several finger sticks and tests aze required 
20 each day (8 or more such tests a day are not unconmKm). The pain of lancing and 
the cumulative discomfort from multiple needle sticks is a strong reason why 
patients feil to comply with a medical testing regimen used to determine a change 
in characteristic over a period of time. In addition, these blood glucose meters arc 
only designed to provide data at discrete points, and even wiAx multiple tests a 
25 day, do not provide continuous data to show the variations in the characteristic 
between testing times. ■ ^ 

A variety of implantable electrochemical sensors for use with monitois 
have been developed for detecting and/or quanti^dng specific agents or 
compositions in a patients blood. For instance;, glucose season have been 
30 developed for use m obtaining an indication of blood glucose levels in a diabetic 
patient. Such readings are useiUl in monitoring and/or adjusting a treatment 
regimen which typically includes the regular admiiiistration of insulin to the 



patient Thus, blood glucose readings from die monitor in^iove medical . 
therapies with semi-automated medication infiiaon pumps of tbe.extenial type, as 
generally described in U.S. Patent Nos. 4,562,751; 4,678,408; arid 4,685,903; or 
automated implantable medication in&sion pumps, as generally described in U.S. 
Patent No. 4,573,994, which are herein mcoq)oiated by »^ Typical thin 
film sensors aie described m commonly assigned U.S. Patent Nos. 5^90^671; 
5391,250; 5,482,473; and 5^86,553 whidi are incorporated by refcreiwe herein. 
See also u s: Patent No. 5,299,571. However, die monitois and electrochemical 
sensors oiten require calibration using readings obtained fiom blood glucose 
meters to augment and adjust for drift oyer time. Thus, although the monitors 
and electrochemical sens<Ms provide more accurate trend infoimation, a separate 
blood glucose meter is still often required. 

SUMMARY OP THE DISCLOSURE 

It is an object of an embodiment of die present invention to provide an 
improved characteristic monitor that is combined with a characteristic meter, 
which obviates for practical purposes, the above mentioned limitations. 

According to an embodiment of the invention, a characteristic monitor for 
use in a system with at least one characteristic sensor that produces a signal 
indicative of a characteristic of a user inchides a housing, a test strip receptacle, a 
sensor receiver and a processor. The test strip receptacle is for receiving and 
testing a test strip exposed to an analyte to detennine the quantity of the analyte. 
The sensor receiver is used to receive sensor data signals produced from the at 
least one characteristic sensor. The processor is coupled to the sensor receiver 
and die test strip recqstacle to process the detennined quantity of the analyte and 
die sensor data ^goalsfiom the at least one characteristic sensor. Preferably, tiie 
processor monitors die sensor data signals from the sensor receiver to determine 
when the test receptacle is to be used to perform calibration of die sensor data 
signals. Further embodiments include a transmitter coupled to die processor for 
transmitting the processed sensor data signals to anodier data receiving device. 
Preferably, the transmitter transmits the processed sensor data signals by radio 
frequencies. Still fiirflier eanbodiments uiclude a display to show die detennined 



quantity of fBe analyte J&om the test strip receptacle and the processed sensor data 
signals fiom the at least one characteristic sensor. Additional embodiments 
include a memory to store the determined quantity of the analyte from the test 
strip receptacle and ]die processed sensor dat& dgnals fixm^ 
5 characteristic sensor. Also, the sensor data signals can be received by the sensor 
receiver continuously, near continuously, and/or intemuttently. 

In other embodiments, the processor includes the ability to program other 
medical devices, and the transmitter transmits the program to the other medical 
devices. Also, Retransmitter transmits tiirough a relay device between the 
transmitter and a remotely located processing device. In addition, the relay 
device increases a maximum distance liy. amplifying the processed sensor data 
signals from the. transmitter to be received by the remotely located processing 
device, and the relay device enables the remotely located processing device to be 
located in a different room than the transmitter. Moreover, the relay device can 
include a telecommunications device, and vtdien tiie transmitter generates an 
alarm the telecommunications device transmits the alarm to a remotely located 
receiving station. 

In particular embodiments, the characteristic sensor is remotely located 
fi:om the characteristic monitar, and the sensor receiver receives the sensor data 
signals as wireless signals from the remotely located characteristic sensor. In 
addition, the characteristic monitor can include a data receiver that is coupled to 
the processor to receive program instmctions from other processing devices. 

Further embodiments of the present invention are directed to a 
characteristic monitor for use in a system with at least one characteristic sensor 
that produces a signal indicative of a characteristic of a tzserincloding a housing, 
a second characteristic determining device, a sensor receiver and processor. The 
second characteristic determining device within the bousing for receiving and 
testing an analyte to determine the quantity of tiie analyte independentiy of the 
characteristic sensor. The sensor receiver receives sensor data signals produced 
from the at least one characteristic s^or. The processor is coupled to the sensor 
receiver and the second characteristic determining device to process the 
determined quantity of the analyte from the second characteristic determining 



device and the sensor data signals fixm the at least one characteristic sensor. The 
processor can monitor the sensor data signals fbom the sensor receiver to 
determine when the second characteristic device is to be used to perform 
calibration of the sensor data signals. In some embodiments, the at least one 
5 characteristic sensor is remotely located fiom the characteristic monitor, and Ae 
sensor receiver receives the sensor data signals as wireless signals fiom the 
remotely located at least one characteristic sensor. In additional embodiments^ 
die characteristic monitor includes a transmitter that is coupled to the processor 
for transmittiiig the processed sensor data signals to another data itceivuig 
device. The characteristic monitor can inchide a display to show the determined 
quantity of the analyte from the second characteristic determining device and the 
processed sensor data signals fiom the at least one characteristic sensor. Other 
embodiments of the characteristic monitor can include a memory to store the 
determined quantity of the analyte. fiom the second characteristic detexmining 
device and the processed sensor data signals ftona the at least one characteristic 
sensor. The characteristic monitor can receive the sensor data signals fiom flie 
sensor receiver continuously, near continuously and/or int^mittently. 

In particular embodiments, the second characteristic determining device is 
a second characteristic monitor diat utilizes a second characteristic sensor. For 
instance, the second characteristic monitor and the second characteristic sensor 
can use a difierent sensing technology fiom that used by the characteristic 
monitor and the at least one characteristic sensor. The second characteristic 
. detennining device can determine the quantity of the analyte continuously, near 
contiixttbusly and/or intermittently. In fiirther embodiments, the second 
characteristic determiiuQg device utilizes a dtsctete sample to determine the 
quantity of the analyte, and die second characteristic determining device utilizes a 
test strip to analyze the sample to determine the quantity of the analyte. 

Other featnres and advantages of the invention will become apparent fiom 
the following detailed description, taken in conjunction widi the acconqianying 
drawings which illustrate, by way of example, various features of embodiments 
of the invention. 
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BRIEF DESCRimON OF THE DRAWINGS 

A detailed description of embodiments of the invention will be made w 
reference to file acconqmnying drawings, wherein like nimierals dedgnate^ 
coiresponding paxts in 4i9 several figures. 
5 Fig.3isapa:q|)ectiveviewofachaiacteristicmodtorwitha 

characteristic meter in accordance with a second embodiinent of the present 
invention. 

Fig. 4 is a perspective view of a characteristic monitor with a 
characteristic meter for use with a telemetered glucose isensor and an infusion 
10 pump in accordance with a third embodiment of the present mvention. 

Fig. 5 is a simplified block diagram of a telemetered characteristic 
20 monitor transmitter and characteristic monitor in accordance with another 

embodiment of the present invention. 

Fig. 6 is a simplified block diagram of a telemetered characteristic 
15 monitor transmitter and characteristic monitor system in accordance with still 
another embodiment of the present invention. 
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DgTAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 As shown m die drawmgs for purposes ofiUustratian, the invention is 

20 embodied in a characteristic monitor that obtains data fioro a sensor set that 

determines body characteristics on a continuous, near continuous or inteimittent 
. basis. In preferred embodiments ofthe present invention, the characteristic 
monitor includes a characteristic meter for obtaining discrete measurements that 
can be utilized by the characteristic monitor for calibraticm and/or data analysis 
25 and verification. Particular embodhnents of the sensor set and monitor are for 
determining glucose levels in the blood and/or bodily fluids of the user. 
However, it will be recognized that further embodiments of the invention may be 
used to determine the levels of other agents, charactonstics or compositions^ such 
as hormones, cholesterol, medication concentrations, viral loads (e.g., mV), or 
45 30 the like. The characteristic numitor and sensor are primarily adapted for use with 

subcutaneous human tissue. However, still further embodhnents may be placed 
with other types of tissue, such as muscle, lymph, organ tissue, veins, arteries or 
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the like, and used ia ammal tissue. Tlie characteristic meter is primarily ad^ted 
for use with test strips that use a blood sample. However, still further 
embodiments of the characteristic meter may use other testing stmctmes, such as 
liquid samples placed in a receptacle, or the bice, or test strips that use samples 
fiom othor fluids, such as interstitial fluid, spinal fluid, saliva, urinei, teais, sweat, 
or the like. In still other embodiments, flie characteristic meter may be replaced 
with another characteristic monitor that utilizes a different sensor technology than 
the first characteristic monitor, with die principal aim being to provide an 
automatic continuous, near continuous or interaiittent comparison reading to 
caHlnrate and ascertain the accuracy of the data fixm the sensor comi^^ 
first characteristic monitor. 

Fig 1 illustrates a perspective view of a characteristic monitor system 10, 
in accordance with a preferred embodiment of the present invention. The 
characteristic monitor system 10 includes a subcutaneous sensor set 150 (i.e.» a 
senscff portion is implanted in, for example, dermal subderaial, subcutaneous 
tissues, or the like), a telemetered characteristic monitor transmitter 100 
connected to the sensor set 150 through a sensor cable/connector 1 80, and a 
characteristic monitor 200 that includes a characteristic meter 300. The 
subcutaneous sensor set 150 utilizes an electzode-type sensors, as described in 
more detail m U.S. Patent. No. 5,391,250, entitled ''Method Of Fabricating Thin 
Fihn Sensors-, U.S. Pat No. 5,482,473, entitled "Flex Circuit Connector^, U.S. 
Patent No. 5,390,671, entided '^Transcutaneous Sensor Insertion SeT, U.S. Patent 
No. 5,568,806, entitled 'Transcutaneous Sensor Insertion Set", U.S. Patent No. 
5,586,553, entitled Transcutaneous Sensor Insertion Sef *, U.S. Patent No. 
5,779,655, entitled Transducer Introducer Assembly" and co-pending U.S. 
Patent Application Serial No. 08/871,831, entitied Disposable iSensor Insertion 
Assembly," all of which are herein incotpoiated by reference. However, in 
alternative embodiments, the sensor may use other types of sensors, such as 
chemical based, optical based, or the like. In furdier alternative embodiments, the 
sensors miay be of a type that is used on the external sur&ce of die skin or placed 
just below the skin layer of the user. Prefored embodiments of a sui&ce 
mounted soosor would utilize interstitial Ihiid harvested from undmeath the 



skin. 

The telemetered characteristic monitor transmitter 1 00 generally includes 
the ciqiability to transmit data. However, in alternative emboditnents, &6 
telemetered characteristic monitor transmitter 100 ms^ include a leceiver, or the 
like, to ^cilitate two-way communicatidn between the sensor set 1 50 and the 
characteristic monitor 200. The characteristic monitpr 200 utilizes Ae 
transmitted data to determine the characteristic reading. Although a telemetered 
approach ^t utilizes RF is preferred, other wireless techniques, such as optical, 
IR, ultrasonic, or the like may be used. In addition, wired connectioos may be 
utilized instead of a telemetered transmission of data from the sensor 150 to die 
characteristic monitor 200 (see Fig. 3). 

The characteristic meter 300 utilizes test strips 350, or the like, with a 
sample obtained fiom the body of the patient to determine a characteristic (or 
analyte level) in a user at a discrete point in time. The discrete measurement fiom 
the characteristic meter 300 is stored in a memory of the characteristic monitor 
200 and may be used to calibrate the characteristic monitor 200 against the test 
results from the characteristic meter 300, either in real time or using a post 
calibration in either the characteristic monitor 200 or during later analysis and 
review once the test results have been downloaded to a separate contputer, 
communication station, or the like. Possible characteristic meters 300 that may 
be used are produced by Roch© Diagnostics, Bayer corporation, Abbott 
Medisense, Johnson & Johnson, Mercury Diagnostics, Chronimed, or the like. 

Fig. 2 illustrates a shnpMed flow block diagram of the characteristic 
monitor 200 shown in Fig. 1 . As shown in Fig. 2, the characteristic monitor 200 
inchides Ifae characteristic meter 300 and also intet&cea with a sisnsor set 1 50. 
The characteristic monitor 200 includes a key pad 202, a ROM 204, a RAM 206, 
a display 208, a data Input and Output (I/O) port 210, a sensor monitor 212, a 
sensor mter&ce 214, a microprocessor 21 6, and a battety and/or power supply 
218. The chaxacteristic meter 300, inchided in the characteristic monitor 200, 
inchides a characteristic test meter 302 and a test inter&ce 304. 

The microprcx^essor 216 of the characteristic monitor 200 is activated in 
several different ways. The keypad 202 is coupled directly to the microprocessor 



216 and is useable to activate the mictoprocessDr 2 1 6 so that the microprocessor 
216 is prepared to store relevant inibmiation concerning the sensordata, meter 
readings, event data, or the liJoB. ForinstaQce» themicFoprocessor216 will store, 
the time, the date and die analyte level from a test strip 350 or may be used to 
5 record an independent event by die user. In addition, die keypad 202 mi^ be 
used to activate and control die ndcropiocessor 2 1 6 to perfonn ona^s, 
calibration, control the display 208, download stored data and results, upload 
program instructions, or the like. The microprocessor 216 may also be activated 
by lecdving a q)ecified signal fhmi die sensor in«^^ 
connection or receipt of data fiom a sensor 150 and/or by insertion of a test strip 
350 into the test interface 304 of the included characteristic meter 300. Once 
activated, the microprocessor 216 stores data, analyzes signal values, tests results 
for accuracy, calibrates, downloads data, presents data for review and analysis, 
provides instructions, warnings and alarms^ or the like. 

Themtcn>piocessor216iscoupledtoaROM204andaRAM206. In 
preferred embodiments, die ROM 204 is an EPRQM and the RAM 206 is a static 
RAM; however, odier comparable memory storage components such as dynamic 
RAM. non-static RAM, rewritable ROMs, flash memory, or the like, may be 
used. Goieralfy, the ROM 204 stores the programs used by die microprocessor 
21 6 to determine various {unam^ers, such as die amount of an analyte 
corresponding to a received signal value in the sensor monitor 212 signal valae, 
calibration techniques for adjusting the sensor signals from die sensor 150, 
characteristic meter 300 operation and correspondence of test results with the 
isensor signal values, the date and the traie» and how to report infocmation to the 
user. The RAM 206 is used by the microprocessar 216 to store information about 
the sensor signal values and test strip 350 test results for later recall by die user or 
the doctor. For example, a user or doctor can transcribe the stored information at 
a later time to determine compliance with the medical regimen or a comparison of 
anatyte value levels to medication admiiristratioiL This is accomplished by 
downloading die information to die display 208 and dien transcribing all of the 
stored records at one time as they appear on the display 208. In addition, the 
RAM 206 may also store updated program instructions and/or patient specific 



infonnadoa 

In preferred embodiments, the micioptocisssor 216 is coupled to a data 
input and output (I/O) port 210, and tiie user can download the stored mfoimation 
to an exteznal computer (not shown), or the like, through the data I/O port 210 for 
evaluation, analysis, calibration, or tbo like. Prefembly, tiie data I/O port 210 is 
C£Q)able of transferring data in botfi directions so that updated program 
instructions or reminder alarms can be set by the user or doctor. Tn preferred 
embodiments, the I/O port 210 uses infrared (IR) technology, such as that shown 
and described in U.S. Patent No. 5,376,070 entitled "Data Transfer System for an 
Infusion Pump**, or tiie like, which is herein incoipoiated by reference. However, 
in alternative embodiments, the I/O port 210 may use other data transfer 
technologies such as cables, fiber optics, RF, or the like. In still other 
embodiments, the data I/O port 210 may include multiple ports to support 
multiple communication protocols or methods, or may mchide a universal port 
capable of transmittmg data in several different modes. In prefened 
embodiments, the stored, data inay be downloaded to' (or new program 
instructions and data uploaded from) a computer, coxmnunication station, or the 
like. In alternative embodiments, the stored data may be downloaded to (or new 
program instructiohs and data uploaded from) an infrision pump, or the like. In 
preferred embodiments, tfie characteristic monitor 200 is the approximate size of 
a conventional glucose meter or smaller. However, in ahemative embodiments, 
the characteristic monitor 200 may be formed in larger sizes, comparable to a TV 
controller or a pocket calculator, and may include a larger display 208 to ^cilitate 
more complicated or easier progmmming. 

The k^pad 202 provides the user wi& the capability to store additional 
information, set the date and the time, or set alarms to indicate when to take the 
next test with the characteristic meter 300. The keypad 202 is used in 
conjunction with die display 208 to access the various modes, alarms, features, or 
fbe like, by utilizing methods typically employed to set the parameters on a 
conventional glucose meter, an infusion punq>, or the like. The keypad 202 may 
also be used to manipulate the stored data in the characteristic monitor 200 and 
displ^ the data on the on-board display 208. 



The characteristic motutor 200 also includes a self contained battery and 
power supply 218. Preferably, the characteristic monitor 200 uses batteries (not 
shown) to provide power to the characteristic monitor 200. For example, a 
phnaHtyofsilver oxide batteries, such as two or three, be used. Howeyer,it 
is understood tbaX dififerent battery chemistries may be used, sudi as lithium, 
alkaline or the like, and different numbers of batteries can be used. In preferred 
embodiments, the batteries have a life in the range of 1 month to I year, and 
provide a low battery warning alarm. Alternative embodiments may provide 
longer or shorter battery lifetimes, or include a power port or solar cells to permit 
rechatgirig of rechargeable batteries in the characteristic monitor 200. 

The ROM 204 of the characteristic monitor 200 also stores additional 
programs to operate and control the characteristic meter 300. Moreover, the 
RAM 206 of the characteristic monitor 200 can stores results obtained from the 
characteristic meter 300. As shown in Fig. 2, a test strip 350 for holding an 
ana^ sanq>]e is inserted into tiie test interface 302. This activates the 
characteristic test meter 304 and the microprocessor 216. The characteristic test 
meter 304 analyzes the characteristics and sends the analysis results to the 
microprocessor 216, which displays the results on the display 208 and stores the 
results in the RAM 206 for later review. 

The programs for controlling the sensor monitor 212 of the characteristic 
monitor 200 are also stored in the ROM 204, and sensor data signal values 
received by the sensor interface 214 from the sensor set 150 are processed by the 
sensor monitor 212 and the microprocessor 216, and then the results are stored in 
the.RAM 206. The sensor mamtor 212 and fhe sensor interfiice 214 can be 
activated by a wired connection to a sensor set 150 that draws power from the 
characteristic monitor, by receipt of a signal from the telemetered characteristic 
monitor transmitter 100, or by the keypad 202. Preferred embodiments use a 
characteristic monitor 200 (in which the system includes a Potentiostat such as 
sensor monitor 212) to receive the sensor signals from a telemetered 
characteristic monitor transmitter 100, as shown in U.S. Patent Application Serial 
No. 60/103,812 entitled 'Telemetered Characteristic Mom'tor System and Method 
of Using the Same*', which is herein incorporated by reference. In alternative 
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embodiments, the sensor signals may be received on a mote infineqnent (or 
periodic) basis from a Holter-type monitor system, as shown in U.S. Patent 
Application Serial No. 09/246,661 entitled "An Analyte Sensor and Holter-type 
Monitor System and Metiiod of Using the Same", which is hei«n incorporated by 
S teierenoe. 

Preferred embodunents store fte raw received sensor signals values fiom 
the sensor monitor 212 and Ae test lesolts from the characteristic test meter 304 
of the characteristic meter in the RAM 206. However, alternative embodiments 
may also store calibrated and adjusted results in the RAM 206 for downloading, 
10 later analysis and review. Further embodnnents may only store adjusted results. 

Once activatisd, the sensor interfece 214 continuously, intennitlentfy or 
near continuously receives signals from the sensor set 150 that are representative 
of an analyte level being monitored in a user. In preferred embodhnents, the 
sensor monitor 212 is used in conjunction with the microprocessor 216 to store, 
smooth the data and determine a conespondmg analyte level from the signals 
received fi^om the sensor interface 2 14. The conespondiiig value may be shown 
on the display 208. The characteristic monitor 200 may also perform calibrarion 
of the sensor signal values using values provided by the characteristic meter 300. 
The calibration may be performed oii a real-time basis and/or baclcwaids 
recalibrated (e.g., retrospectively). In further embodiments, the microprocessor 
216 monitors the sensor signals from the sensor monitor 212 to determine when 
the characteristic meter 300 should be used to perform tests to be used for 
calibration of the sensor data signals. For instance, the microprocessor 2 1 6 could 
mdicatB that tiie calibration test should be delayed if tiiel sensor data signals from 
the sensor monitor 212 are changing too rapidly and suggest a calibration reading 
when the sensor data readings are relatively stable. Also, the chametmstic 
monitor niay prompt the user to perform caUbration at periodic preset intervals. 
Alternatively, the characteristic monitor may prompt the user to perform the 
calibration based upon event-triggered intervals, that are either user input, such as 
meals, exercise, or the Hlce, or diat are trend input, such as large excursions in 
ghicose levels, feulty or mteirupted data readings, or the like. 

As shown in Figs. 1 -4, the characteristic monitor 200 includes a display 



208 tiiat is used to display the lesulfs of die measurement xecdved from the 
sensor in the sensor set 1 50 via a cable and connector 1 80 attached to the 
telemetered characteristic monitor transmitter 100, or the like. In preferred 
embodiments, the display device 208 is an active matrix LCD. However, 
5 alternative embodiments m^ use othi^ display devices, such as simplified LCD, 
LED, fluorescent element, plasma screen, or the hke. The results a|idinfi>nnation 
displayed includes, but is not limited to, trending information of the characteristic 
(e.g., mte of change of glucose), graphs of historical data, average characteristic 
levels (e.g., ghicose), or tiie like. Alternative embodiments include the ability to 
10 scroll tiuough tiw data. The di^ls^ 208 may also be used witii the keypad 202 
on the characteristic monitor 200 to program or update data in the charactnistic 
monitor 200. In addition, the calibrated data using results fiom the characteristic 
meter 300 can be displayed to provide a user with updated trend and ghicose level 
data. This may also be used to update and show differences between tiie newly 
1 5 calibrated (or additional calibration) data and tiie data as it was prior to tiie riiew 
calibration (or additional calibraticm). 

In ottiet embodiments, if multiple characteristic sensors are used, the 
individual data for each characteristic sensor may be stored and displayed to show 
a comparison and an average between the two characteristic sensors. 

It is noted tiiat a ty^^cal user can have somewhat dumnisbed visual and 
tactile abilities due to complications from diabetes or other conditions. Thus, the 
display 208 and keypad 202 are preferably configured and adapted to the needs of 
a user witii duninished visual and tactile abilities. In alternative embodunents, 
die data, analyte level value, confiimation of information, or the like can be 
conveyed to tiie user by audio signals, sudi as beeps, speech or the like, or 
vibrations. Still further embodiments may use a touch screen instead of (or in 
some cases addition to) the keypad 202 to fecilitate water proofing and to 
ndnimize changes in the characteristic monitor 200 hardware to accommodate 
in^vements or upgrades. Further ahematives may include a microfdione (not 
shown) and related drcuitiy to albw voice activated control of the infesion 
device. 

Additional embodiments of the present invention may include a vibrator 
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alaim (or optional indicator such as an L.E.b.) in dther, or both, the telemetered 
characteristic monitor transmitter 100 and the characteristic monitor 200 to 
provide a tactile (vihtation) alarm to the user, such as sensor set 150 malfunction, 
impioper connection, low battery, missed message^ bad data, transmitter 
5 interference, or the like. The use of a vibration ahirm provides additional 

remmders to an audio alarm, which could be important to someone suffering an 
acute reaction, or where it is desireable to have non-audio alarms to preserve and 
conceal die presence of tiie characteristic monitor system 1 0. 

As shown in Fig. 4. further embodiments of the characteristic monitor 200 
10 may be used wifli a telmetered characteristic monitor transmitter 100 coupM to 
a sensor set 150 and an infusion pump 400 connected to an infusion set 450. In 
this embodiment, tiie characteristic monitor 200 is also used to program and 
obtain data fiom the infusion pump 400, or the like. This further reduces the 
amount of equipment, the. user must have, since the chatacteristic monitor 200 
1 5 ahcady inchides a characteristic meter 300 tiiat will be tequnred for calibration of . 
the data fh)m the telemetered characteristic monitor transmitter 100. Thus, die 
characteristic monitor 200 can coordinate the sensor data and meter data widi the 
data from the infusion pump 400, or update the delivery parameters of the 
mfusion pump 400. The characteristic morator 200 also be used to update 
20 and program the telemetered characteristic monitor transmitter 100, if the 

transmitter 100 includes a receiver for remote programming, calibration or data 
^receipt Thus, die user may need only a single device - die characteristic monitor 
200 diat will receive data fiom a sensor set 1 50, perform discrete tests of an 
analyte witii die characteristic meter 300, program and control an infusion pump 
25 400, and operate to download data or upload programming instnctions to a 
computer, communication station, or the like. 

As discussed, the characteristic monitor 200 can also be used to store data 
obtained fiom the sensor set 150 and tiien provide it to either an mfusion pump 
400, conq)uter the like far analysis. In finHMr embodiments, die diaracteristic 
30 monitor 200 can mclude a modem, or the like, to transfer data to and fiom a 

healthcare professional Further embodiments, can receive updated programmmg 
orinstractionsviaamodemconnectioa in addition, a relay or repeater 4 may be 



used wift a telemetered characteristic monitor transfmitter 100 and a characteristic 
monitor 200 to increase the distance fliat the telemetered diaracteristic monitor 
transmitter 1 00 can bc| used with die characteristic monitor 200, as shown in Fig. 
5. For example tiie relay 4 cx>uld be used to providbxnfijnnation^to 
5 ciiildren using the telemetered diaiactBristic mom 

sensor set 1 50 firom a distance. The infomiatipn could be used when children are 
in anodier room during sleep or doing activities m a location remote from the 
parents. In further embodiments, die relay 4 can include the capability to sound 
ail alann. in addition, the nhsy 4 may be capable of providing data from sensor 
10 set 1 SO and telemetered characteristic momtor transmittn 100 to a remotely 

located individual via a modem connected to the relay 4 for display on a momtor, 
pager or the like. In alternative embodiments, the data from the characteristic 
monitor 200 and sensor set 150 may also be downloaded through a 
communication station S (or alternatively, through a characteristic momtor 200, 
1 5 other data transfer device, or die like) to a remotely located computer 6 such as a 
PC, lap top, or the like, over communication lines, by modem or wireless 
connection, as shown in Fig. 6. Also, some embodiments may omit the 
communication station 8 and use a direct modem or wireless connection to the 
computer 6. Id fiirther alternatives, ehher the characterisdc momtor 200 or the 
20 telemetered characteristic nramtor transmitter 100 xDxy transmit an alarm to a 
remotely located device, such as a communication-station, modem or the like to 
summon help. In addition, iurther embodiments of die characteristic momtor 200 
may include the capability for simultaneous monitoring of muldple sensors. Data 
transmission may be to other devices or inchide die debility to receive dara or 
25 instroctions fiom other medical devices. Prefared embodiments, as shov^ 
Figs. 1 and 4, use wireless RF frequencies; however, alternative embodiments 
may utilize IR, optical, ultrasonic, audible frequencies or the like. Further 
' embodhnents may also use a wired connection, as shown in Fig. 3. 
Preferably, the characteristic nionitor system 1 0 combmes the 
30 characteristic momtor 200 and character meter 300 into a single device, but 
avoids an actual wired connection to the sensor set 150 by using a telemetered 
characterisdc monitor transmitter 1 00. By separating the characteristic monitor 
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system 1 0 electronics into two separate devices; a telemetered characteristic 
monitor transmitter 100 (which attaches to the sensor set 150) and a characteristic 
momtor 200, severd advantages are isalized. For instance, the use^ 
easily ccmceal die presence of &0 diatBCteristic monitor 8^ 
5 will not be visible (or cumbersomeXwifli clothing, hi also makes it is easier to 
protect the characteristic monitor 200, which can be removed from the user's 
body during showers, exercise, sleep or the like, ha addition, the use of multipie 
con:q)oneol5 (e:g., transmitter 100 and characteristic monitor 200 witt^ 
characteristic meter) &cilitates npgrades or teplacemenls, since one module or the 
10 other can be modified or replaced without requiring conq>Iete replacement of the 
characteristic monitor system 10. Further, the use of multiple components can 
improve the economics of manufacturings since some components may require 
replacement on a more frequent basis, sizing requirements may be different for 
each module, there may be different assembly enviromnent requirements, and 
15 modifications can be made without affecting die other c<»npbnents. 

While the description above refers to particular embodiixients of the 
present invention, it will be understood that many modifications may be made 
without dq»rting from the spirit thereof. The accompanying claims are intended 
to cover such rnodifications as would &11 within the true scope and spirit of the 
20 present invention. 

The presently disclosed embodiments are therefore to be considered m all 
respects as illustrative and not restrictive, the scope of the mvention being 
indicated by the appended claims, rather than die foregoing description, and all 
changes which come within die meaning and range of equivalency of the claims 
25 are dierefore intended to be embraced tiierem. 
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1 . A characteristic monitor for use in a system with at least one characteristic 
sensor that produces a signal indicative of a characteristic of a user, the monitor 
ccmqxrising: 
5 a housing; 

test strip receptacle for receiving and testing a test strip exposed to an 
analyte to detennme the quantity of the analyte; 

a sensor receiver to receive sensor data signals produced fiom the at least 
one characteristic sensor; and 
10 a processor coupled to the sensor receiver and the test strip receptacle to 

process the determined quantity of the analyte ftom the test strip receptacle and 
the sensor data signals from the at least one characteristic sensor. 

2. Ihe characteristic monitor device according to claim 1, wherein the at 

15 least one characteristic sensor is remotely located fixmt the characteristic monitor^ 
and wherein the sensor receiver receives the sensor data signals as wireless 
signals fiom the remotely located at least one characteristic sensor. 

3. Ihe characteristic monitor device according to claim 1, furthier including a 
20 transmitter coupled to the processor for transmitting the processed sensor data 

signals to another data receiving device. 

4. The characteristic monitor device according to claim 3, wherein the 
transmitter transmits the processed sensor signals by radio frequ^icies. 

25 . 

5. The characteristic monitor device according to claim 3, wherein the 
processor further includes the ability to program other medical devices, and 
wherein tiie transmitter transmits a program to the other medical devices. 

30 6. The characteristic monitor device according taclaim 3, wherein the 
transmitter transmits through a relay device between the tnmsmitta' and a 
r^otely located processing device. 
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7. The characteristic monitor device according to claim 6, wherein the le^ 
device increases a maximum distance by amplilymg the |»ocessed sensor data 
signals torn fbo transmitter to be received by the remotely located processing 
device. 

5 ' _ • 

8. The characteristic monitor device according to claim 7, wherein die relay 
device enables the remotely located processing device to be located in a different 
roont than the transmitter. 



10 9, The duiracteristic mcmitor device according to claim 6, wherein the relay 
device includes a telecommunications device, and wherein when the transmitter 
generates an alarm the telecommunications device transmits the alarm to a 
remotely located receiving station. 



15 10. The characteristic monitor device according to claim 1 , further including a 
data receiver, and wherein the data receiver receives program instructions fiom 
other processing devices. 



30 The characteristic monitor device according to claim Ufbrthermcluding a 

20 display to show the detenninedquamityoftfaeanalytefiom the test strip 
receptacle and the processed sensor data signals &om the at least one 
characteristic sensor. 



1 2. The characteristic monitor device according to claim 1 , wherein the 
25 processor monitors tiie sensor data signals ftom the sensor recdver to determine 
when the test receptacle is to be used to perform calibration of the sensor data 



13. Hie characteristic monitor device according to claim 1 , further including a 
45 30 memory to store the detennined quantify of the analyte fiom the test strip 

receptacle and the processed sensor data signals fiom the at least orie 
characteristic sensor. 
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1 4. The characteristic monitor device according to claim 1 , wherdn tbe sensor 
data signals aie received by the' sensor receiver continuously. 



1 5. The characteristic monitor devicp accordizig to claim 1 , wherein the sensor 
5 data signals axe received by the senscn'ieceivarneair continuous^. - 

16. The characteristic monitor device according to claun 1 , wherein the sensor 
data signals are received by the sensor receiver intermittently. 

10. 17. A chaxacteristic monitor for use in a system with at least one characteristic 
sensor that produces ai signal mdicative of a characteristic of a user, the monitor 
comprising: 

a housing; 

a second characteristic detennining device within the housing for 
15 receiving and testing an analyte to determine die quantity of the analyte 
independently of the at least one characteristic sensor; 

a sensor receiver to receive sensor data signals produced fcom the at least 
one characteristic sensor, and 

a processor coupled to die sensor receiver and the second characteristic 
20 determining device to.process iho determined quantity of &e analyte from the 
second characteristic determining device and Ae sensor data signals from the at 
least one characteristic sensor. 

1 8. Ilie characteristic monitor device accordmg to claiim 17, wherein the at 
25 . least one characteristic sensor is remotely located from the characteristic monitor, 

and wherem the sensor receiver receives the sensor data signals as wireless 
signals from the remotely located at least one characteristic sensor. 

1 9. The characteristic monitor device according to claim 1 7, further includiiig 
30 a transmitter coupled to the procesisor for transmitting the processed sensor data 

signals to another data receiving device. 
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20. The characteristic monitor device according to claim 1 7, finthcr including 
a display to show the determined quantity of the analyte fi^m the second 
characteristic detemuning device and the processed sensor data signals from the 
at least one chaiacteristic sensor. 

5 ■ " 

21. The characteristic monitor device according to claim 1 7, wherein the 
processor monitors die sensor data signals from the sensor receiver to detennine 
when the second characteristic determiuing device is to be used to perfonn 
calibration of the sensor data signals. 



10 



15 



22. The characteristic monitor device according to claim 1 7, fiiither including 
a memory to store the determined quantity of the analyte from die second 
characteristic detennining device and the processed sensor data signals from the 
at least one characteristic sensor. 

23 . The characteristic monitor device according to claim 1 7, wherein the 
sensor data signals are received by the sensor receiver contumously. 

24. The characteristic monitor device according to claim 1 7, wherein the 
sensor data signals are received by the sensor receiver near continuously. 

25. The characteristic monitor device according to claim 1 7, wherein the 
sensor data signals are received by the sensor receiver intermittently. 



25 26. The characteristic monitor device aocoidmg to claun 17, wherein the 
second characteristic determining device is a second chaiacteristic monitor that 
utilizes a second characteristic sensor. 



20 



30 



27. The diaracteristic monitor device aocordmg to claim 26, wherein the 
determined quantity of the aiiatyte from the second characteristic det^mming 
device is determined continuously. 
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28. The characteristic momtor device accoidmg to clMm 26, \viier«in 1i» 
determined quantity of the analyte ftpm the second characteristic detenniidiig 
device is determined near continuously . 

5 29; llle characteristic monitor deWce according to claim 26, wherein the 
. detenntned quantity of the analyte .fix>mfl)e second characteristic detenn^ 
device is determined intermittently. 

30. The characteristic momtor device according to claim 26, wherem the 

10 secDtid characttiistic monitor and &e second characteristic sensor use a different 
sensing technology fiom that used by tiie at least one characteristic monitor and 
(he characteristic sensor. 

31. The chracteristic momtor device according to claim 1 7, wherein the 

1 5 second characteristic deteimimng device utilizes a discrete sample to determine 
the quantity of the analyte. 

32. The characteristic monitor device according to claim 3 1 , wherein the 
second characteristic detemiiniiig device utilizes a test strip to analyze the sample 

20 to determine the quantity of the analyte. 
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